Early Floral Development in Gaura coccinea by Olson, Edward
South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange
Theses and Dissertations
1953
Early Floral Development in Gaura coccinea
Edward Olson
Follow this and additional works at: https://openprairie.sdstate.edu/etd
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research Access Institutional Repository and
Information Exchange. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of Open PRAIRIE: Open Public
Research Access Institutional Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.
Recommended Citation
Olson, Edward, "Early Floral Development in Gaura coccinea" (1953). Theses and Dissertations. 2247.
https://openprairie.sdstate.edu/etd/2247
GA.URA COCCililA 
By 
th 1 sublitted to the Co t e on dT c 
D ta t te College of A riculture d . ·ech 
r , lfi eat o . the requir en ts for th gr 
. y l9SJ 
EARLY FI.DRAL DEVEIDPMENT IN GAURA COCCINEA Pursh 
By 
Edward S. Olson 
Thie thesis ie approved as a creditable independent investigation 
lay a candidate for the degree, Master of Science, and acceptable 
as meeting the thesis requirements for this degree, but without 
implying that the conclusions reached by the candidate are neces­
sarily the conclueions of the major d�partment. 
�J.]3 _, C ,' JU 1�· 
�r ODUC'lI • • • • • • • .. .. • • • • • • l 
LIT TO E • • • • • • • • .. • • • • • . • .. 2 
• TIG.l. 10 . • • • • • � • • • • • • • • • • • 
t rial and .. • . • • • • '-' 
Sep • .. • • • • • • • • • • • • • • 8 
tale � • • • • ' • • • • • ., • - • • 9 
St &1)8 • • • • • • .. • • • • • • • ·• • • • 11 
ol• • !I • • • • • • ... • • • ,. • • • 12 
• ,. • • • • • • • • • .. • .. •· • 1.· 
• .. • .. • • .. • ·• • • • • .. • • 26 
• • .  • • • • • • • • •· ' • .. • • 27 
INTRODUCTION 
ost nowere re hypoonousJ the ovary is auperio:r, being ins,erted 
on the tip of the torus. But there a.re n vertheless many flo ers which 
are epigynous, th ovary being inferior, due to a deepening or th cup­
sh p d torus which ay be continuous i th the ov 17• 
The inn r part of the ovary wall of epigynous flo ers is generally 
considere to be carpellary, except in foras like the Oomposi tae ·here 
owles are cauline an only the roof of th ovary is carpell ry. 
The controversy then c n ters arounct the n tu re of the outer region 
of th ovary wall. Some investigators il'lterpret this region as ppen­
dicular 1n natur , being formed by fusion of th bas e of pals, 
petals, and @tamens th the ovary all. Other investigators inter-
ret the region as reoeptacular 1n nature, foraed by the continuity of 
the recept cle and the ovary •all to fora a receptacle cup. 
Gaura coocin , member of th ev ing rimros faaily1 i suit­
able or a study of epigyny in that th flower haa a long hy anthium 
with the sepal , etal , and tamens diverging far abov the ovary. 
The flower i polyp talous, th s re di crete, and the sepals 
are fus to · ch other along their argins, but not to other noral 
parts. Furthermor Gaura coccinea ranges from Manit-oba to Tex sand 
west to lb rta and California, and has not attracted the ttention of 
floral morphologi ta. The purpose of thi research 1 to-fold: 
first to discoY r th lan of organog�n1, and secon to discover th 
nature of the inferior ovary and ther fore epigyny in this p�cies. 
LI TE.RA TU f� 
A review of the literature reve l d a number of investigators who 
have m de some contribution to the subject o.r fl.or· l develo ent. 
- 2 -
Accoraing to Eaae (3) the flo er is a determinate a.xis, appendages 
of hich are like le ves. McCoy (9), Satina and Blakeslee (11), and 
Eame and MacDaniels (4) brought forward substantial information on 
the ini tia.tion of the flor 1 organs by per1clinal pli tting of the 
cells in the inner tunics. 1 yer, anct the .further development of the 
floral primordia.. cCoy (9) investigated Frasera. · caroliniensis, in 
hich he found that tbe vegetative shoot and the floral apex consist 
of t o histogens, a corpus and a two-layered tunic • All floral organs 
·ere initiated laterally by a periclin l splitting of the cells in the 
inner tunica. Satina and Blakeslee (11) orked on D�tura strallonium 
which has three germ layers. The first lttyer forms the epidermis, and 
the second forms the rimordia, 
The nature of the inferior ov ry has been one of the moet debated 
subject in floral morphology for over a century. Tillson (14) work­
ing on lal�nchoide e, Jackson (6) in a -stuay of Rosa and certain relat­
ed genera, Douglas (2) in a review of the literature, �u Eames and 
MacD·niels (4), regard this region as appenriicular in nature, being 
forme by fusion of the bases of se als, petals, and st ens with the ovary 
w 11. On the other h nd; Langdon (8) in a study of the flo er o.nd fruit 
of the F gac ae nd Jugland ce e, ,; tina &.nd Blakeslee (11) in their 
investigation of D tura, Wilson &nd Just (15) in their revie of the 
aorphology of the flo er, and Henslo (5) in his boo on th origin of 
flor 1 �tructur s, reg rd this are aa receptacular, formed by the con­
tinuity of the receptacle 1th the ovary. all to form a receptacular 
cup. An inve�tigation of Gaura should contribute to one or the other 
of these opposed interpretations. 
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Inf·or€·SC nceB of Guura cocc··n ·a 'IJ ere collect ci t L.lke Camobell 
near Brookings, South Dakota, June 8, 19;2. Te inflorescences were 
iesected, flo ,ers being taken .tro1n th tips of the axi� of healtl: y 
:pl nts. The flo ers v.ere killed and fixed in formalin-acetic-alcohol. 
Inflore cenc a and individual flower are ,,ery pubescent, and the 
margins and top of the sep la in unopened buds fu�e to e ch other form­
ing an inverted cup over the flor 1 meri tem enclosing numerous air 
pocket, • A centrifugal pump was used to remove the entrapped air in 
th c se of inflore. cence and a.lso indi viau · l flo ·_ ers. Treatment was 
accor·1ng to the uaraffin method, the ctehyar·ting medium being butyl 
lcohol. ·ection�, er-e cu.t from five to eight microns in thickness 
ana stained in safranin and fa�t green, hematoxylin an orange G, and 
cryat�l violet, a.franin und orange a. ·11 dra ings · ere m de from 
perm nently mounted sections by the use of Spencer c .era lucida. 
The u ture flo ers of G ura coocin a are in simpl spike an are 
light rose in color. Th flo er h sits rece tacul r tub exten ed to 
nearly one half th length of the flo· r beyond the sUID.llli t of th 
ov ry. The rece�t cle is yubesc nt, b in J cov red by lon unic llular, 
non-gl·ndular hair . There are four sepal, hich are long a.nu elender 
nd also covered i t.h unicellular hairs. Th · etals a.re four in number, 
lternating ith the sepals. The etalJ differ from the se als in hat 
the top hal is ex .. '&ided, and the dL t l en i rounded. At .the baee p tals 
narro down nearly to a filament. The petals are s arsely covered i th 
unicellular h ire. The stamens a.re eign t in number and re opposii te the 
se,Jal::i and pet ls. The filument is lon und narro ·. �ome h t here it 
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attache s  ju �t belo I t.hu center of the - . ther . The ovttry i s  con­
tinuou s with the r;:)ceptucle , .. nd i s  no t seen extern lly. Th e  style 
is fo rmed .y th e fu sion of the upper part� of the four carpels . I t  
extends � s  high a s  the str en s,  and i s  topped by four stigm� s .  
The fi r s t  evidenc e  o f  flor�il d velopment 1 . s en in the adult apex 
of the . lo ·ering shoo t .  Thi s apex h a  a t o-layere tun1ca,  but 1 t s  
cells frequently sho 1 periclinal divi sions;  during the development of 
the flo r� l primordium, c. i vi sions in the inner 1 y r of the tuni ca ar 
not al ays anti clinal . The greet test vari abi li. ty in cell di vL. ion s 
occurs during very etl1 . y development� t n in some �hat o lder flo ral 
primordia the l.u.yers of th tunicn divide quite r ,  b'Ult..rly ( comp· re 
figs . 2 ant 3) . 
After i ts initiation , th floral primord.ium is hemi sph ricul in 
sha >e { fig .  2) . Subeequen tly 1 t,e  upe:x- idens , ,md ju t before sep 1 
initic tion it.::  u.mmit i s  ttened.  ept l s  r 1nit1 :. .. ted t4 t the p riph-
ery o f  tl e flattenea top as 1 sho in .. ig . 2 .  t t.1. time of a pal 
foi tit ti -:m , th floral 1:;1,p x still appeurs much like thu t of  an ordi-
n .r 1 v t,'. , tive . hoot . I t  ht s a t o-layared tunic , and th corpu 
as ell the tuni cs. layer i meri r tematicu.lly ctive . The 
se uen · e o f ini.ti � tion of be  florul appenda. 
s t. {.  on < , and c rpel s .  The primor ium of th 
i a i  a puls , pet · ls, 
flo , er gro re pid.ly 
and oon become s the large st p rt of th e npicc.l meri Clltem . 
Sepal s '- re ini tL:.ted at the m r ins of the florC41 primordium , hen 
the lf• tter L. , bout eeventy microns in diameter . The proce s follows 
: at tern no · v,ell est·- bli shed for d t.velop ent of flo rttl organs of 
mciny o t .. a tli cotyladonou Q angio sperms . Thi p  pro aa  i a  &s follo ts . 
fig. 1.  Lon.g1tutilaal ,eotion of. a 7ouag f'lohl. prtaol'di ehowiag 
pe el.b&l dt.i.ton-s ill ·the ilm-e� tva-1• layer. xrn. lf, leafJ 
tp, noral prt110:rditn1 • 
. is. 2.  Longitudinal aeetiOD- of an oidet" flore.l priaot"diu ehori.ng 
perieliaal · diY19101u1 i tJle ·itliU&U.oa ot a aep,i . 1100.  •• rtrst 
1aitiat1on ot· a eepal.1 11, le t·. 
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The outer layer o "" the tunica divide ..:: only anti clinally , while peri­
clinul divi sion s occur in the fir,st ant second layers 1mraediately be­
neath it . Fig .  2 shows a flower just before the appearance of sepal 
primordia, wi th p riclinal di visioi s appearing in t.he second 1 7er of 
the tunica. · Differen tiation of  the median procambial strand in the 
sepal prillordium appears to be acro9et 1 .  
The four sepal pri.mordia a r  initi ted t about the same time , as 
i s  indicated by their nearly equal si z in the early stages of develo.p­
ment.  ( See fig . 4 which i s  n arly medit..n for the sepal primordia: . )-
St ortly after initiation the i:: pal pru1ordie. re semble young leave s 1n 
appearance ( fig . 3) . After a short perioa of gro ; th the subaarginal 
ini tials cease thei r meri stematic activity, and the young sepal elong­
ates by rapia gro th in the apical region . Further d velopment i s  
intercala.ry, the internal celle acting as a meri stea in ·hi ch ar1ticlinal 
division s ,  v cuol tion , and cell enlargement occur throughout .  
The sepal pri.Jborciia gro apically unc curve sharply over the 
flor 1 !tpex. Fig.  4 illu strates a sepal primordium hich i s  still 
gro 1ing apically . Cell vacuolation begins on th� -be.xial aide o f  the 
youn . gro .ing sepal . Fig. 5 repr sent..:i a transverse section of ae a.ls 
whi ch are in bout the a e eta e of · , ... velo nt as tho se sho ·n in fig . 
4 . Further curvatu re of th e sepE.ds brings  tl eir apices tog ther , and 
the epidermal cells o f.  contiguous �epals aovetail oo that th four be­
co e uni ted throughout .  Physi al cont .:1.ct of the ppo sed sepals i s  
brough t about by marginal gro�th an ct  :1� exten sion o f  the meri stem to 
the ·hole circumference o th e recepta le ,  and i s  followed by an 
interlocking of the epidermal cells accomp&nied by random Id totic 
di vi sion s  to fo rm an inverted cup over he rest of the floral part.s 
- 1 -
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• l 
n.,. ! .  A YO\W Mpal primordi e o,m in lon&l al eectioc, the 
ap - ranee: i -a 11 e thf.t of a you g leaf. · 1100. a, ,�pal.J ta, 
tlor·· l 
11g. , .• Longltwlinal seetton of SOINIJhat olet:er sepe prbordia � 
the se ... 1 eunia oveci· the no·r l netea. X?OO . a, •epal.J ta. 
noral. aeristem. 
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Pie. 5.  Tn1u1nree eeetton or young s-epala ad th aubtellding le-at, at 
about the a&JM- stage 8.S tig .• 4. IIOO. s, .-&pal.J lt; leat. 
l 
ft • s. tonai tuditt-al aecUon of yOUB petal and etue» ·pri.mo.trdia. 
staaen prtllONi.ua shows the beginnin � ot t.he procu:bial strand. 
• stasenJ p, · tal.J pc,  ·proeeabial strand. 
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( figs .  s, 9,  and 18) . 
en mature , th e epidermal cells along the margin s and to · of the_ 
sepatls ruptu re ,  freeing th e individual lo be e .  The. mature sepal has a 
median vascular bundle with four 1 tar ls  on ei ther side , whi ch are 
progre sei vly �mall er to ards th e mar >in e ( fig .  .31) . 
Petals are the next to , ri se and are initi ted t the periphery of 
the flor 1 meri stem, juet 1th1n the cycle of sepal s .  They are adaxial 
to , awl · 1 te rnato v.1 th th sepals . The si ze o f  the sepals hen etals 
are in1 tic\.ted ( fig . 4) indic te tha t th ere has been a time lapse be-
tv ean th e two . Petal ini tiation i e  indi stingui shat:n.e from sepal 
initiation in method . Ini tiation occurL. when the receptacle is ao e-
·h t concave , anct ut bout the · e time as s en ini ti tion . The 
petals show several differenoes from the sep�l s in the later stage o f  
·-
aevelopment ho c1eveq they do not have as long a p riod of loo lized 
gro · th a� do the sepals , and do not curve over the floral meri et 
nor fuse along their m rgins .  
, 
As in the c ase o f  the S6pa.ls ,  the e rliest Bign of t l ini ti tion 
in a median longi tudin 1 section of the floral a.xi s  i s  evidenced by 
periclin 1 cell di vision s in the inner tunic lay ... r ( fi • 4) • Th 
g neral app ar nee  of p r tal in th very e rly st s of th ir aevelop-
ent i s  qu.i te similar to th · · t of the eep · l s .  Th e  m ture pet l s  hav 
a median va9cu lar bunale and t o l teral s, shown- in fig .  Jl . 
Before th e ini tiation of p� t�l and st< en s ,  hich ari e at about 
the swne time, the floral meri ste i s  approximately 110 micron s in 
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g .  7 .  Loa din l s.ecti<m of the right half of h.o · 
inc pal , petal., ·$ en � and e&t'1) l prime "ia. 1J ee l ·t" 
tube 1 a da s rted. ?tote 'tbe de 1n1 te ily.pogyrH>U• cha.raet,et> of 
• tloweT". %!50: :. a, •• .. alJ p, pet&lJ c, ca lJ  . r1 , uppe--i- l"e­ce eul.ar tube J r, lower re · · :ptacular tube . 
J 
n,. a. Trans• t'&e •&etion ot sepal. 
petal; and s taaen , at abO\.l t tbe 
HIM etage as ebon in fie. 7. 
The line ot fua1on between sep&l 
la dwwa. USO .  S, 8epa!J I 
petalJ t, s·taen .• 
fig. 9 .  Truun-e &e ctiO!l or a 
soae,,bat older pal, tal,. and 
tu.en , showing a frte. e u tbe 
develope · , t ot� tbe ataa n • an 
11� f tu 1on n the 
•pal • 1250. , aepa.l J P, 
petal J st, e · f o, carpel . 
, 
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di eter and the summit i s  cone ve . During petal &nd stamen ini tia­
tion , i t  i s  �till cone ve iund sho s e. di stinctly t o;..lay,ered tuni oa 
( fig .  4) . Thi s concave feature of the floral aeri stem ia  brought 
about by early growt' a.t the periphery of the rec _pte.cle , and i s  the 
area. from whi ch t· e hypanthium lt1ter develop s .  
StWllen primordia appear so soon after pe tt:t.l ini tiation th�t 1 t i s  
c i  ficult to fi section s whi ch show pet 1 primordia i thout $trunen 
primordia. .  Thi s indicate s th.at th e  interval between th e  appearance of 
pe t als and s tamen s is much shorter than that between the appearance of 
sepal s and petal s .  There ·· r e  fe · observ ble di ffer nces , o th r than 
position , bet een sepal, pet l ,  or stamen ini ti · tion, as m y  be seen in 
figs . J, 4, and 6 .  
procambi 1 s trand does not appear in the stamen priaordium until 
th e 1 tter i s  qui te well developed , tmd it is no t tr c eable until the 
primordium i s  bou t 55 microns high ( fi • 6) . Even then th e cell s are 
not yet , ell di fferentiat d. The procrunbi 1 s tran ppe1::1rs .s a dark­
s:t ining row o f . cells surrounded by cell s wi th ligh ter cytoplasm . 
Fi g. 7 shows  th t. it  i e  not di ffi cult to di fferentiate stamen and 
petal primordia hen they are seen in a neur .aa'edi longi tu in 1 sec-
tion of the young flo er . n primordium i thicker in proportion 
to its hei ght than a pe tal rimordiua . Follo ;. c t. in! tiatiou , the 
stamen primordium gro .,, in length by mean s  of · ·  · ic l and sub-api cal 
ini tial • oon aft er thi s the evelopmen t o f  the Si}orogenous ti s Jue 
be in . a.nd furth er gro th is in tereal ry . 
e epidermal 11::.yer of th e st · en i s  derived exclu ei vely from the 
outer l�yer of the floral apex. Th hypodermal 1 y r, hich i s  a de­
riv tive of  the inner tuni ca layer undergoes pericliaal nd anticlinal 
- l -
di i sion s and produces the sporangium all und r the epidenai s  of th ·  
n ,  Pf rt of the tapetUlll ,  and . all of the sporogen.·ous ti s aue . 
Cell p·  ttem .. ) in figs . 10 through 14 uggest the follo tng eequ nee 
in !vi sion • In ero ss section s o a pote1.1ti 1 microspora.ngium , t the 
prop r st g , of evolopment,  there r.•r two to four hy-podermal c lls ,  
e ,  ch o f  which divides peri clinally ( fi • 10) . The inne.r derivative 1 
a rb1·,• ry sporogenou e cell . Primtary epo.ro enoue cell s divide sparingly 
' or not at all , and then di ff renti te in to aicro spor mo th r c lls.  
The outer d rivative 1n forming the llicro spore mother cell divides 
eith r "uiticlinall7 o r  periclin lly ( fig.  11) . hen th first peri­
ol1nal divi sion occur s ,  it cu ts o f  primary tapetal cell and a 
prim ry parietal cell . The outer derivat1v of the hypodermal. cell m� y 
. ive ri se to one to fou r prieary parietal cell • Tho pr1a ry p&rieta.l 
cell d1v1de c periclinally once or t 11ce an . e ch o  its  doriv ti es 
aay i vi anticlint1lly . Th blocks of c 11 fot e or shown in fig .  
12 . The icro sporangiua ·all then i s  foraed. under the e idermal layer 
nd fro th d rivative. s of the l>rimary t ri.et l c ll s .  The primary 
ta t l cells ivid o tly 1n an antiolinal lane , thu s fo ing u 
o.ne 1 y·ered t .petum ·h n mature ( fig.  13) . s tbe micro spor · um 
gro , the inner ul l cells tan to coll pse o that only t o c 11 
layers re con picuou s at the time th pollen r -in re maturin ( fi g .  
15) . 
�hil pet l e  nn 
the t en priaordi 
n a p ur 1n quick succ aion , th e size o f  
h en c t  rpel n.re 1n1 t1t: t e  1nd1 cat th t there 1 .c  
time ls.p e hebeen the se two . Th e  floral apex ie fl t to enucer 
o.huped follo· ing stamen ini tiation ruid hen carpels re i.ni tiat.ed . 
... 11 • 
. ' 
· l 
I 
Fig . 10. Tra.nsYerae . action of a 
lob f a youn an ther showing 
periclina.l di vi si u ot tne ps:rie­
tal cell · and a. microspore ·.mother 
cell. I60$ . p, prtmar1 epo­
rangium all oellJ • mioroepore 
11otne-r cell . 
I , 
J 
' ' 
, r1, . 12 . Long1tu.tinal section of a 
lobe of anther bowing epi et'­
nial.,  i tal• ts.petal and miero­
apore t,bar cells.  I60S . t, 
ta.pet-al oellJ · , microapl1re 
othe� cell .. 
. '} . 
Fig . ll . Trans•el" section .of a 
lobe of an older anther b wia·1 
tapetal cel:is and a ldcroapore 
mother o u. 160! . t, ta.petal 
cellJ •.• micro pore mother cell . 
--te 
• 
ig. l& . Trane-verse :ection of n 
enther lobe 8.howing a. ·pore tet-
1'8.d . X25-0 . te. spoi-e tett-ad. 
SOUTH DAKOTA STATE
 COLLEGE LIBRARY 
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11g.  l: • TTan crse Mctlon a 
re an _ e �I poll.en 
- � !20, > poll pd.D J 
r, poin of NptllTe of tJ:ie pol­
l ea .  
- I -
.\ 
• lo .. Tr anrM aut. Qll a · 
portion ot ti.1.. 1., abowiDg a 
pollen ' ua, · n t  ot rap­
ture ,_ and the natu _ 0£ ·tbe •a­
t re tbe.r 11., %!$0. r
.,. 
point of rQpture of the pollen 
• 
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Early car. el development i s  similar to th t of t1e other floral appen­
d e s ,  a.nd a de e,cription ould be repetitious . Follodng ini tiation 
1n the inner tuni ca layer there i s  n short p riod in hich gro th 1 s  
conspicuous ( fig . 16) • Tne c rpel' primo rdia. gro to a.rd each other 
unti l their tips touch ( fig . 17) , at whicn time b e  apical gro th slo s 
down . Marginal gro tb occurs at t.1le lower portion s of each o f  th . four 
primordia so that the m rgins curve ventr .. lly • . The carpel bases are 
at first C-shaped in cross  ections . T1ey soon become_ clo sed by further 
marginal gro th , and euch i s  fu sed to itQ two neighboring carpels by 
the in-rolled dorsal surfaces . Tne carpels ppear to be sunken into 
the flor .1 receptacle ;  thi s  i a  brought about by meri stematic activi ty 
in t· e periphery o f  the rece, tacle . Tne c ·· rpel a become uni ted by an 
ontogenetic  fu sion which i s  qo comple· te that the cs. rpel limi ts are 
obscu r d ( fig . 21) . Con tinued m ·rginal gro th brings the four fu ed 
margin 1:• together in the cen te r  to form a centr l pl'- conta . Thi s  re­
sults in an ov�ry � ith four locul s ( fi a. 28 and JO) . 
Gro th takes place at the upper extremi ti e (; of the ce.rp l a  ( fi g .  19) , 
the re . ul t  being the up ,ard ev lopment, in the center of the peri.unth , 
o f  rou r styles hich are · used long the surface of contact ,  except 
for t c i ediate cent r here there i s  pollen CWl · 1 ( fig • .31) . Tbe 
sti . a of e ch c rpel i C'! d� velo e · separately, so thlit the ti gmas a.re 
not uni ted hS re tb e . tyl nd ovarian ortior ci of the carpels .  
cti vi ty i n  the recap · c l e  oe .� n )t cease ·1 th , e producti Jn o f  
the florc-:.1 primordia but elongates no tic ably , c rrying th e1ep ·  ls ,  
pet  l s ,  and stamens up  eind over the youn 7 ovary . 
:hen fir�t  ini tiated, the receptacle is aome-shaped ( fi g .  l)  • 
-· 16 ... 
Fig·. 17 . Lon· itudi1>al secti-cm ot :older carpels, ab c growth of the 
f\picies to1f8.t'd a.ach other. XfOO . -c, car · l J  ta, tloral -Jattriet-J 
t, tuen . 
Fig.-. 18 . Longi tudl.nal eecUon of y- . g flo r, ehow.i.ng th• upard 
,el onp.tion of' the receptacle . USO.. at, •tu.en ;  p, _petal ; •-. ae pal J 
o ., rpel ; r1, up reeep cle tub J ?1 1,  receptacle tube . 
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Subsequently the a ex widen s ,  and just before sepal initi ati or1 its  
SU1Uli t becomes flattened (fi g .  2) . . Before the initiation of  the petals 
an stamens the receptacle i s  some hat concave . Thi s  is  brough t " bout 
by early gro !th o f  the periphery of th e recept cle , a.nd i s  th e o.rea 
from hich the hypm1thium later develops . 
In the early stages of development the flo er · i s  definitely hypogy­
nous, since the sepals,  petals ,  and stamens · re att ched to the recep­
tacle ·belo the carpels. The lower e:x.tremi ties  of the young sepals ,  
petals,  and sttt.mens may be 5een by tracing their epitiera�l layers in 
fig 7.  The pri ordia are · seen to ari se distinctly separate on the re­
cept cle, and no u sion i s  t� king plac w to form �appendiculer tub . 
In referring to the receptacle tut , it  is convenient to m ke a 
di ·tinction between its t o  parts. The section of the receptacle above 
nd free from th ov r:i i s  ref rred to as the up er tube : the low r tube 
i s  the part of th e receptacle that i s  continuou s 'fii th the ove1ry 11 . 
The latter i s  the first to b .formed . Soon fter ini ti ,. tion of the 
cur el primoraia •  · there i s  · rene � l  o f  eon 1 mito tic  uctivi ty in tr at 
areei. of the rece9t cle beneath the epals ,  pet ls, wid " tamen s ,  with a 
checking of  gro th in th·  t re ... beneat the c rpels . Thi s  elon ation 
under the ep ls , pet l " ,. and stamen proceeds t ·bout the s · e r te 
as doe r  that of the developing carpelt and att ched . ;eceptacle ( fi g .  18) . 
Thi s 1 aves t e locule embe dad in tte receptacl cup .  Figs .  7 ,  27 , 
and '29 sho the continue · gro th in iw �re . 
Fig. 22 i s  an enlarge ent of the receptacle tho.t is  continuous ·i t.h 
the 0vury wall , and ie  o.t a.bout the s c:111e sta .... e in development as fig .  
18, in hich c�rpel elongation i s  taking place.  Fig .  23  represents 
18 -
Fig. 19 . l.oogituditnll seetion of older carpel• showing the fonaatioo of 
the t1'le . ISOO. c.,  carpelJ at., &'tutenJ r,. -receptacle . 
\ 
lig._ 20. Trunerae sect.ion tbrougb �e onry tsbolring the infoldin& ot 
th c r l • r:girl! to fo-i.-m tour loeulee . 
oarpel J r, receptacle . 
ne1. pc, 
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tbe lo er receptacl tube,  continuous wi th the ovary in a later· sta . e 
o f  development, comp rable to fig.  27 , cell divi sions are still taking 
pl ce as ell as cell elongation . Fig. 24 sho s a section of th lo er 
receptacle tube in an dva.nced atage , mi toti c divi sion s are still tak­
ing place but have been restri cted to the inn r area of the receptacle. 
All further growth in this ar a is by cell elongation . The stage rep­
re sented here i s  comparable to tb1:..t i 1 fig .  28 . I t  i s  obviou s then 
that sepals,  pe - lo,  and st�en a hr · bein pu shed upward by un elonga.­
t1on of he receptacle belo them . 
The up er receptacle tube ie some hat later in b ginning its 
growth , as m y be seen in fig . 18 . Thi s is the zone directly hen ath 
the sepal , J.)etul , �d st en insertion thn.t i s  free from the ovary. 
The developmen t of thi s u iJ -..r tu be i similar to th� t o. the lo er 
tube . Tri n sver�e cell div1 sions .nd elong�tion result in a lengthen­
ing of t e reo ept cle in thi s  &reu . Tn e r-t .ge shown in fig .  25 d 
later stage ( fig. 26) sho its  rapid development. A the flo r 
a proach e ... th opening t;"ta .,,e ,  meri stem tic ucti vi ty becom s more and 
more restricted to the lo er portion of th tu be , d then Edl further 
lengthening is by c 11 elong tion . Gro th of thi s  ure aoe s  not cea 
un il the flo er appro ches th openin st le • 
DI SCtJSSION 
The presen t  inve �,tigation o the flo ·�r o f  Gau r . coccinea di sclo s e s  
the. t the <"ep.t-.1.l appe r first, then the eta.l s develop wi thin an d  alter­
n te i th the epal lobe s ,  follo ed by the a.� ea.ranee of the st en s .  
The c�rpels �re . la st  to appee. r ana develop around the central portion 
of h e  receptacle . 
- 2C -
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Fig.  2S. Lon,gitu<linal . �tion of u in·termedlate r•ceptacl-e . t, e. 1...-el 
oWCai the ov "rJ'• ote antiollnal eell d.i'rieion and .lengtbenill1 of 
\he cells, Yacuolation is begiJWing to take pl.ace tn. the outer cells . 
J,?$0. 
. ;.·; 
Flg . !4 .. Langi tudinal e:ection of an olde-r -recepta·cle at a level opp ai.te 
ta. rf'• N te .cell longatioo ud vacuolation . I150 . 
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Thi s  agrees  i th the ctudy by Goebel (Douglas 2) ho found th1.:.1.t in 
the apple fL ral p rts appear: sepals , petals , stamen s., and carpels.  
Thi s he considered to be the order character! tic of flo era "ti  th in­
ferior ovarie B .  The flo er of Caura is  definitely epigynou. s .  ccording 
to observations recorded here there i s  no ontogenetic  fu¢>ion bebeen 
carpel s and :stamen s ,  be.tween stamen s and pet�ts , be.t, een petals and 
ee · l s , nor bet een carpels and receptacle, unless  oontinui ty of tissue 
bet een the last  t .;o  be  inter roted as fusion in th'e phylogenetic sen se .  
A �tudy o f  both earlier and later st.:iges  sho s tht:.t the ti ssues  just  
belo the se,h)al s , petals , �d s tamens have not been sep · r· te at any 
time
., 
!md that the floral ti;be i s  a result of zonal -development in the 
periphery of U1e receptacle . In any event the flor 1 tube i s  n1,t eyn­
gynou • Thi s ag:ree s ... i th the f"i:ndings of Judson ( 7) who ?1orkea on the 
pi stillti e lo i'ier of cucumber .  
Thi s conclu sion con flicts wi th th e  ct-_vpendiculnr heory held by 
Puri ( 10)  in hi revie of floral anatomy in the eolu tion of mo rpho­
logical vroblems ,  and by Eame s and acDt:.niels ( 4) in th eir book on 
plant - atomy. In thi s  theory it i s  hou�ht th :;.t the inferior ovary 
represents udnation in i t s  extreme form, or tha.t the flor 1 tube i s  
formea by the complete fu sion o f  the b <:l:': f  ,._.f th e  s e  c1ls , petals , and 
r� tamen � o the Cc rpellary all . In soma other s ecie0 the vascular 
o.n tomy o f  th e hy anthium indeect sugg s t. �  syngyny . I t  i s  not impo s  i ble 
th t so e . pecies. re epigynou s hile othi0r .. , re syngynou s .  Th re i s  
no reiison �hy �ll inferior ovaries have to rrive at their inferior 
por.:i tion s by th e se e method . 
A more complete interpretation of the origin o.f the tube of thi s 
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flo· er  mu st  a1 t until o t  r nr enera eind f,pecies h ve b en inve stigat­
e • Th e ground ·ork for such ei ,study has no b en laid. Thi s study 
h s been limi ted bee au se the ork has been confined to one specie a of 
Gaura.. A morphogeneti c study of thi e flo r m y also aud to our in­
form tion as to the true nature of the floral tub . 
SUWWlY 
1 .  All floral ap�en ages of Gaura coc inea. exhibit eimilar details in 
origin from the receptacle . 
2 .  After th ir origin , development proceeds in differ nt directions,  
resul t.ing in  i verse structur s .  
J .  he sequence of initiation i :  sepals ,  petals,  st  en , and carpele.  
4. The hypanthium of. Gaura ooccinea i� receptacul r exce t at ti e  base 
here the recepto.cle and carpels are continuou • 
5 The flo . er of G ur coccinea illuetrat a true e igyny. 
The • n:·i ter  i sh e s  to taJce thi s  opportunity of  thanking Dr . ·• L .  
Miller for h1 G sugee � tion e and help in bringing thi s i1 vestigation to 
a su�ce s �ful completion . 
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